Rationale: Nontuberculous mycobacteria are an important cause of morbidity in the United States, although patient outcomes vary greatly by species. Currently, nationally representative data on the distribution of mycobacterial species from clinical isolates are limited.
Nontuberculous mycobacteria (NTM) represent a group of environmental bacteria commonly found in water and soil (1) (2) (3) (4) . Infections due to NTM are increasingly recognized as an important cause of morbidity and mortality in the United States; however, treatment options and subsequent patient outcomes vary greatly by species (4, 5) . Although some studies have identified regional differences in NTM prevalence as well as associations with environmental factors (6) , recent studies focused on variations in the distribution of NTM species in the general population are limited (7) . Given the implications for therapy and infection control measures, knowledge of national species-specific patterns is important to further understanding the epidemiology of NTM in the United States.
In a recent study, researchers found higher NTM-related mortality in the southern United States (8) , and studies of Medicare beneficiaries showed that pulmonary nontuberculous mycobacteria (PNTM) rates were highest in the West and Southeast and lowest in the Midwest (5, 6) . However, the investigators lacked speciesspecific information to understand how mycobacterial species varied geographically. In another study, among patients with cystic fibrosis (CF), investigators observed geographic differences in the state-level distribution of Mycobacterium avium complex (MAC) versus Mycobacterium abscessus, with more M. abscessus identified in traditionally "high-prevalence" NTM areas, such as in the southern United States (9) , although these findings in the high-risk CF population may not be generalizable. Two studies have provided estimates of national species distribution. The first, a study conducted in four health maintenance organizations, revealed that MAC predominated in all regions sampled (7) . Authors of a national survey of physicians also found that the majority of species across all regions of the United States were MAC; however, the proportion of M. abscessus was slightly higher in the West than in other regions (10) .
Using a large, nationally distributed, hospital-based patient dataset with patient-, isolate-, and facility-level information, we describe trends in the distribution of mycobacterial species obtained from clinical samples throughout the United States. Improving understanding of the distribution of mycobacterial species, as well as identifying geographic variations in NTM species, including regions with a higher burden of harder-to-treat mycobacteria such as M. abscessus, is critical for informing clinical practice and improving patient outcomes. Preliminary results of this work were previously presented in the form of a poster (11) .
Methods Data Source
We conducted a retrospective cohort study using the Premier Healthcare Database, which is managed by Premier, Inc. (Charlotte, NC). The Premier Healthcare Database is a U.S. national database with demographic and microbiologic data, which are linked by unique patient identifiers, derived from 176 United States hospitals distributed throughout the country (38% in the South, 30% in the Midwest, and 16% each in the Northeast and West), which is similar to the overall distribution of U.S. hospitals (12) . Information provided in the Premier Healthcare Database is collected as part of voluntary reporting done by participating hospitals, and patients are tracked over multiple encounters, including as both inpatients and outpatients, using unique patient identifiers, and it has been used in multiple epidemiologic studies to date (13) . This dataset uniquely links microbiologic, demographic, and clinical data for millions of inpatient and outpatient encounters, facilitating the detection of epidemiologic trends of rare diseases using microbiologic results rather than billing codes. However, limitations of this dataset include the lack of information regarding the body site of specimen collection or the specific laboratory methods used.
Study Population and Case Definition
Our study population comprised all unique patients with an inpatient or outpatient encounter in the Premier Healthcare Database from 2009 to 2013 at hospitals with microbiologic data reported; detailed laboratory methods used at each facility for species identification were not available. For all unique patients present, we extracted demographic, comorbidity, facility-level, and microbiologic data; comorbidities were identified using International Classification of Diseases, Ninth Revision (ICD-9), codes. Patients with mycobacterial cultures performed were identified, and results were recorded, including any species identified. NTMpositive cases were defined as those with at least one mycobacterial culture growing a pathogenic NTM species, regardless of body site sampled for culture. Only the first positive NTM test per patient in the dataset was analyzed, and all species isolated from the first positive test were included. For noncases (including those patients who were tested and had a negative result for NTM as well as those not tested), we used data from their first encounter in the database.
Data Analysis
All mycobacterial species identified were classified into one of six groups: (1) MAC, (2) M. abscessus/M. chelonae, (3) M. fortuitum, (4) M. kansasii, (5) other rapidly growing mycobacteria, or (6) other potentially pathogenic NTM species (see Table E1 in the online supplement). Tests with mycobacterial species unidentified or considered nonpathogenic (M. gastri, M. gilvum, M. gordonae, M. kubicae, M. murale, M. paraffinicum, M. sphagni, and M. vaccae/vanbaalenii) were excluded. Patient, encounter, and hospital factors were analyzed by NTM case status and by mycobacterial species group. Geographic regions were defined according to United States Census boundaries (14) . NTM-specific ICD-9 codes for pulmonary (031.0), cutaneous (031.1), and disseminated (031.2) NTM were analyzed, and a subgroup analysis was conducted including only patients with an ICD-9 code for PNTM. Differences were assessed using the chi-square test or Student's t test, with significance evaluated at P , 0.05. All analyses were performed using SAS version 9.3 software (SAS Institute, Cary, NC). In this study, we used only de-identified patient data, and thus the study was considered exempt from National Institutes of Health Institutional Review Board review.
Results

Among the 176 hospitals in the Premier
Healthcare Database with microbiologic data, 151 (86%) reported at least one NTM isolation. Overall, 5,928,830 unique patients were evaluated during the 5-year study ORIGINAL RESEARCH period, of whom 7,812 (0.13%) had at least one NTM-positive culture (Table 1) . Of these, 1,360 (17%) had at least two positive NTM cultures within the same encounter, and 7,118 (91%) had at least one positive acid-fast bacilli test result. When evaluating ICD-9 codes for other comorbidities occurring in five or more patients, 76% (n = 5,069) of NTM cases had a principal diagnosis associated with a respiratory condition. A minority of the NTM isolates identified had an ICD-9 code for PNTM (n = 487 [6%]) or nonpulmonary NTM (n = 397 [5%]). Of 7,812 patients with NTM infection, 7,941 potentially pathogenic NTM isolates representing 55 different NTM species were identified; 124 patients (2%) had more than one NTM species isolated from the same culture, and 111 isolates were nonpathogenic NTM species. MAC was most commonly identified (76%), followed by M. abscessus/ M. chelonae (9%) (which were frequently grouped together in laboratory results), M. fortuitum (6%), M. kansasii (3%), other rapidly growing mycobacteria (1%), and other potentially pathogenic NTM species (5%). Among patients with an ICD-9 code for PNTM (n = 487), MAC was the most common NTM species identified (77%), followed by M. abscessus/M. chelonae (9%) ( Table 2) . For disseminated NTM, MAC was also the most common species identified (93%), followed by M. abscessus/ M. chelonae (3%). For patients with an ICD-9 code for cutaneous NTM, M. abscessus/M. chelonae (50%) was most common. The 78 patients with an ICD-9 code for CF also had MAC most often identified (50%); however, M. abscessus/ M. chelonae was also five times more common (45%) than in non-CF NTM cases. A majority of patients with M. fortuitum (88%) had this as their only species identified.
Characteristics of Patients with NTM Infection and Hospitals
The median age of patients with NTM infection was 67 years (range, ,1-89 yr), and 55% were at least 65 years of age (Table 1) . Most patients with NTM infection were white (70%), and half were female (52%). Patient encounters were most often inpatient (60%), and the median length of hospital stay for NTM-associated inpatient encounters was 8 days (interquartile range, 5-13), compared with 4 days (interquartile range, 2-7) for other ORIGINAL RESEARCH inpatient encounters (P , 0.0001). Hospitals with patients with NTM infection were more often labeled as "urban" (96%) or "teaching" (56%) and had a hospital bed size greater than or equal to 500 (78%). Patients with NTM infection were significantly more likely to have a general medicine physician (44%) than a pulmonary specialist (11%) as their attending physician. Among patients with NTM infection, chronic obstructive pulmonary disease was the most commonly reported comorbidity (28%), followed by bronchiectasis (11%); malignant neoplasms of the trachea, bronchus, and lung (6%); and HIV (6%).
M. abscessus/M. chelonae was significantly more common among those younger than 18 years of age than among persons aged 45-64 years (20% vs. 8%), whereas MAC was significantly more common among patients older than 64 years of age than among those younger than 18 years of age (79% vs. 67%) ( Table 2 ). M. fortuitum was slightly more common among persons aged 18-44 years than among those older than 64 years of age (8% vs. 5%), as were other potentially pathogenic NTM species (7% vs. 4%) (P = 0.003). Of the 105 patients aged less than 18 years, 23 (22%) had an ICD-9 code for CF. Among patients with an ICD-9 code for PNTM, M. kansasii was more common among 18-to 44-year-olds than among persons older than 64 years of age (15% vs. 2%).
NTM species identified via an inpatient or outpatient encounter also differed. The proportion of patients with M. fortuitum was significantly higher for inpatient (7%) than for outpatient (4%) encounters (P , 0.05). In contrast, the proportion of M. abscessus/M. chelonae was significantly higher for outpatient (11%) than for inpatient (8%) isolates (P , 0.05). Among patients with an ICD-9 code for PNTM, MAC was more common among outpatients than among inpatients (83% vs. 74%), whereas M. kansasii was more common among inpatients than among outpatients (8% vs. 1%).
Geographic Distribution of NTM Species
Species distribution differed significantly by geographic area (Figures 1 and 2 Among patients aged 65 years or older, the distribution of MAC was the same as in the overall population, ranging from 66% of NTM isolates in the West South Central to up to 93% of isolates in the East South Central, and the distribution of M. abscessus/M. chelonae was also the same, ranging from 2% in the East South Central to 18% in the West South Central. Among patients with an ICD-9 code for PNTM, MAC ranged from 57% in the East South Central, to 94% in the Mountain (Arizona, Colorado, Idaho, Montana, New Mexico, Nevada, Utah, and Wyoming), and to 69% in the West North Central and Pacific. M. abscessus/M. chelonae ranged from no cases identified in the East South Central and West North Central regions to 15% in the Pacific and 11% in the South Atlantic.
Discussion
We provide current estimates of the distribution of NTM species in the United States using a large national sample of hospital-based encounters with microbiologic test results. Specifically, we identified different geographic patterns by NTM species, as well as variations among demographic and facility-level features of the affected patients. Geographic variations may be due to a number of factors, including climatic and environmental differences affecting the Table 2 . Definition of abbreviations: ICD-9 = International Classification of Diseases, Ninth Revision; NTM = nontuberculous mycobacteria.
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types of mycobacteria present in soil and water sources (6, 15) . In the present study, MAC was the most commonly isolated NTM species, followed by M. abscessus/M. chelonae and M. fortuitum; this pattern is consistent with previous findings (7, 16) . However, NTM species frequencies varied by U.S. region. Although MAC was most commonly isolated overall, M. abscessus/M. chelonae was proportionately highest in the South. Other studies looking at NTM isolated from all body sites found similar species distributions in the United States (17, 18) , although in state-specific studies, the proportion of NTM isolates identified as MAC ranged greatly, from only 40% in Virginia to over 84% in New York City (19) (20) (21) (22) . M. abscessus/M. chelonae was the second most common isolate in our study (9%), as well as in studies conducted nationwide (5%) (17) and in Oregon (5%) (20, 23) , North Carolina (18%) (21), New York City (6%) (19) , and Virginia (7%). It is important to note also that because M. abscessus is harder to treat (4), clinical outcomes may be disproportionally impacted in areas with higher frequencies of this species.
Most patients had only a single positive NTM culture, and few had corresponding ICD-9 codes for NTM, which is consistent with an estimated sensitivity of 27 to 50% for these codes (7, 24) . Also consistent with prior studies were the reported frequencies of chronic obstructive pulmonary disease; bronchiectasis; malignant neoplasms of the trachea, bronchus, and lung; and HIV (7). A higher proportion of patients with NTM infection younger than 18 years of age in this study population also had an ICD-9 code for CF (22%) than in a previous study (25) . Notably, only 11% of inpatients with NTM infection had a pulmonologist as their attending physician. Pulmonologists may have been involved in a consultant capacity, which was not discernible in the dataset. Hospitals with NTM-positive patients were more likely to be larger, to be located in urban areas, and to be teaching hospitals than were hospitals without NTM cases. This may be reflective of NTM being more common in urban areas or may potentially be due in part to differences in referral patterns, with more ill patients being referred to larger medical centers in urban areas, as well as those with a greater capacity for diagnostic mycobacterial testing and species identification.
This study was subject to several limitations. We were unable to identify the source of the NTM infection as respiratory, skin and soft tissue, or disseminated in nature, owing to the lack of data available on specimen collection site. However, the distribution of species that we report is similar to what is often detected in other studies on PNTM cases (18) (19) (20) (21) (22) (23) . Additionally, we conducted a subanalysis limited to patients with NTM infection with the ICD-9 code for PNTM and found that the species distribution and other patient and hospital factors were similar between patients with and those without a corresponding NTM ICD-9 code, suggesting that most isolates were likely respiratory isolates. We also were limited to species results as reported in the database, which frequently grouped M. abscessus and M. chelonae together despite their clinical differences. We also lacked data on laboratory procedures used for species identification, limiting our ability to assess the impact of changes in methodology over time on species-level patterns and trends. It is also possible that some patients classified as noncases did in fact have NTM infection and remained untested. Conversely, patients with a single positive NTM culture may not have clinical disease, though these results still reflect potential geographic differences in isolates circulating in the environment. Another key limitation is that smaller facilities or those located in more rural areas may differ from larger and more urban institutions in ways that impact the data available for analysis and epidemiologic trends observed, including differences in referral patterns, testing procedures, patient access to care, and clinical awareness of NTM. However, this would likely have a 60 -70% >70 -80% >80 -92%
Proportion of NTM isolates identified as MAC ORIGINAL RESEARCH greater impact on prevalence assessments by demographic features and less so on geographic differences in mycobacterial species isolated. In summary, significant geographic variation exists in the distribution of NTM species in the United States.
Whereas MAC is the most frequently isolated species in the South and Northeast, M. abscessus/M. chelonae is proportionately higher in the West and South relative to other geographic regions of the country. Greater clinical awareness in geographic areas with increased levels of harder-to-treat mycobacteria are needed, given differences in treatment options and implications for patient outcomes. n ORIGINAL RESEARCH
